Abstract. In the present study, the silver nanoparticles (AgNPs) were biosynthesized using tea polyphenols in the silver nitrate solution. The tea polyphenols, which was extracted from the green tea leaves, acted as both reducing (from Ag + to Ag 0 ) and capping agent in the liquid phase. The synthesized AgNPs were characterized with UV-visible absorption spectrum, TEM, EDS spectrum and particles size distribution analysis. UV-visible absorption spectrum indicated a significant absorption peak at 425 nm related to the great synthesis of AgNPs in the aqueous solution. TEM images show the diameter of well dispersed AgNPs was around 28nm. The important parameters including pH value, silver nitrate concentration and temperature affected the synthetic reaction of AgNPs significantly. The AgNPs showed excellent catalytic activity in the degradation of Acid Violet 7 by NaBH 4 , and more than 97% Acid Violet 7 was degraded within 18 minutes.
Introduction
Nanoparticles of noble metals have rich applications in the fields of material science, medicine, biology, physics and chemistry [1] [2] [3] [4] [5] [6] . Silver nanoparticles (AgNPs) attractive more attention among the noble metals due to its exclusive properties like electrochemical, electrical conductivity, photo catalytic, chemical stability, magnetic, chemo catalytic and antimicrobial activities [7] [8] [9] [10] [11] [12] . Silver plays an important role in drug delivery, wastewater treatment, agriculture, biosensor and textile industries [13] [14] [15] . The synthesis of nanoparticles by various physical and chemical methods, such as ultrasonic irradiation [16] , laser ablation [17] , evaporative cooling [18] , chemical vapor deposition [19] , explosion [20] , impregnation [21] , co-precipitation [22] , sol-gel [23] and deposition-precipitation [24] , has been reported extensively. However, there is still a need for a more economic, commercially and eco-friendly route to synthesize silver nanoparticles. The synthesis of silver nanoparticles using plant extracts as the reducing agents and stabilizers is the most adopted method of green production of nanoparticles [25] [26] . Green synthesis does not involve the use of any toxic chemicals, it is cost-effective, environmental friendly, zero energy based and less time consuming process. Many kinds of plants have been successfully utilized for synthesizing silver nanoparticles. In this paper, we attempted to use a plant extract, tea polyphenols (shown in Figure 1 ), for the AgNPs synthesis. The green synthesized AgNPs were characterized using various microscopic and analytic techniques including UV-vis spectroscopy, transmission electron microscopy (TEM), EDS spectrum and particles size distribution analysis. The influence of different reaction conditions including temperature, pH value and silver nitrate concentration were discussed intensively for the formation of AgNPs. Furthermore, catalytic degradation of organic dye in the presence of NaBH 4 using tea polyphenols synthesized AgNPs was investigated in this paper.
Materials and Methods

Materials
Silver nitrate (AgNO 3 99.8%) was purchased from Aladdin Industrial Corporation. Tea polyphenols (99%) was purchased from Xi'an Jinghong Biotechnology Co. Ltd. The Acid Violet 7 was provided by the Zhejiang Runtu Co., Ltd. The pH was adjusted using 0.1 M NaOH (Sigma-Aldrich) aqueous solution. All the chemicals and reagents used in the paper were of analytical grade.
Synthesis of AgNPs
10mL silver nitrate (0.01M) was added to 90mL of freshly prepared tea polyphenols solution in the ratio of 1:5. Progressively, formation of AgNPs was observed by visual color change from faint yellow to darker shades of brown, which was further confirmed by UV-vis spectrophotometer.
Characterization
UV-visible Absorption Spectrum. The reduction of silver ions was recorded by measuring the UV-visible absorption spectra of the liquid solutions in the beginning and after the synthesis reaction. The UV-visible absorption spectrum analysis was done by using UV-visible spectrophotometer (Shimadzu UV-3600) in the wavelength of 200-800nm.
Transmission Electron Microscopy.
The size and morphology of AgNPs were determined by a TecnaiG220 (FEI, USA) at an accelerating voltage of 300kv. Samples were prepared by placing a drop of AgNPs solution on the TEM carbon-coated copper grid, followed by solvent evaporation at room temperature. TEM-EDS spectrum (EDAX, USA) was investigated to confirm the existence of AgNPs in the liquid solution.
Particle Size Distribution Analysis. Particle size distribution of biosynthesized AgNPs in the aqueous solution was measured by the Zetasizer Nano series (Malven, UK) at 25℃.
Catalytic Activity of AgNPs
Catalytic activity of synthesized AgNPs was performed by degrading Acid Violet 7. 3mL Acid Violet 7 (50mg/L) solution was added with 0.1 mL NaBH 4 (0.2M) and 0.1ml AgNPs (100µg/mL) solution The reduction process was monitored by recording spectra using UV-vis spectrophotometer at regular time intervals.
Results and Discussion
Characterization of AgNPS
When the AgNO 3 was subjected to the tea polyphenols solution, the biosynthesis reaction started within few minutes and the color reaction was observed in which the color of the solution turned into darker shades of brown indicating the formation of AgNPs. The UV-visible absorption spectra of tea polyphenols and AgNPs were shown in Figure 2 . As shown from the UV-visible absorption spectra, a distinct peak of 425nm was observed which belongs to surface plasmon absorption band of AgNPs. The particle size distribution and morphology of AgNPs were characterized by Zetasizer Nano series and transmission electron microscope (TEM). Figure 3 shows the particle size distribution and TEM image of Ag-NPs. The average size of AgNPs is around 28nm (Figure 3 (b) ), which is similar to the TEM images (Figure 3 (a) ). TEM images also confirmed a typical spherical and an ellipsoidal morphology of AgNPs. EDS spectrum (Figure 4 ) demonstrated the presence of element Ag, which indicated that AgNPs were successfully synthesized in the liquid solution. 
Effect of Silver Nitrate Initial Concentration
Variations of the reaction conditions such as silver nitrate concentration, pH value of the mixture and the temperature of the liquid solution were known to influence the synthesis of nanoparticles [20] . Figure 5 revealed the effect of varying silver nitrate concentration on nanoparticles synthesis when the reaction was carried out at room temperature. Based on the same amount of tea polyphenols concentration, with the concentration of silver nitrate increased, the surface plasmon peak for AgNPs increased obviously, which indicated the more formation of AgNPs in the mixture.
Effect of pH
Tea polyphenols acted as a biological reducing agent in the AgNPs formation synthesis, which have hydroxyl groups in benzene rings that can easily be oxidized to related quinine functionalities [21] . The growth of silver metal to AgNPs was also controlled by the interaction of the silver clusters with the surrounding hydroxyl and quinine groups, and the reducing reaction was initiated by adding NaOH to the liquid solution containing both silver nitrate and tea polyphenols. In this paper, the effect of pH was investigated at three different conditions including acidic and basic forms. Figure 6 shows the UV-visible absorption spectra of AgNPs at pH = 6, 8 and 9 respectively. The results showed that the synthesis of AgNPs accomplished effectively in the basic condition especially for the pH value around 8. 
Effect of Temperature
Temperature was another important parameter for the reaction of AgNPs synthesis [22] . Temperature was known to affect nanoparticles synthesis in a variety of ways. For example, atoms held higher kinetic energy at higher temperature, leading to a large moving speed. The opportunities of multiple collisions were increased which could make contribution to the nucleation and growth of nanoparticles. [11] Figure 7 showed the UV-visible absorption spectra of AgNPs at three different temperatures 40℃, 60℃ and 80℃, respectively. As shown from Figure 7 , the rate of AgNPs formation increased significantly with the increasing of the reaction temperature, and the characteristic peak was observed in the apogee for reaction temperature at 80℃.
Catalytic degradation of Acid Violet 7
One of the major applications of nanomaterials is its catalytic activity in many research areas. AgNPs are well known for their catalytic activity in hazardous organic chemicals degradation. 4-nitrophenol, methylene blue, methyl orange and different organic dyes were catalytic reduced by AgNPs using NaBH 4 as reducing agent. [14, [27] [28] [29] [30] In this paper, the Acid Violet 7 was selected for the evaluation of the catalytic activity of the tea polyphenols green synthesized AgNPs in the aqueous solution with NaBH 4 . The UV-vis spectrum of aqueous solution showed strong absorption at 523 nm. Figure 8 shows the UV-vis spectra recorded at different minutes for the reduction of Acid Violet 7 catalyzed by AgNPs. As shown from Figure 8 , as soon as the catalyst was added, the absorbance at 523 nm decreased continuously with time. More than 97% Acid Violet 7 was reduced within 18 minutes which testified the excellent catalytic activity of AgNPs. And comparative experimental results had shown that less than 30% of Acid Red B could be degraded within 18 minutes by NaBH 4 only. In this reaction, the concentration of NaBH 4 was relatively high, so the pseudo-first order kinetic with respect to Acid Violet 7 could be used in this case to evaluate the kinetics of the reaction. The reaction kinetic can be represented using the equation ln(A t /A 0 ) = -kt, where k is pseudo-first order rate constant, t is the reaction time, [A 0 ] is the concentration of Acid Violet 7 at time t = 0 and [A t ] is the concentration at time "t" which can be obtained from the absorbance of the peak at 523. Figure 9 showed the plot of ln(A t /A 0 ) vs reaction time for the degradation of the Acid Violet 7. The plot represented a linear relationship and hence, slope of the line represents the rate constant (k) for the reduction of dye. The value of k was found to be 0.1532 for Acid Violet 7. 
Summary
The biosynthesis of AgNPs using tea polyphenols as a reducing and capping agent was presented. The AgNPs were successfully synthesized by analyzing different analytical techniques such as TEM, EDS, UV-visible absorption spectrum and particle size distribution. UV-visible absorption spectrum showed a peak at a wavelength of 425 nm, which indicated the surface plasmon resonance that establishing the formation of spherical Ag-NPs in the liquid solution. The synthesis of nanoparticles was affected by the variation in the reaction conditions. Some important parameters for the synthesis of AgNPs were optimized. The AgNPs showed excellent catalytic activity in the degradation of Acid Violet 7 by NaBH 4 , and more than 97% Acid Violet 7 was degraded within 18 minutes.
